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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
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Serial No. NEW Docket No. 2001-0701A 

Filed June 1, 2001 
DRY ETCHING 

[Corresponding to PCT/JP99/06761 
Filed December 2, 1999] 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents, 
Washington, DC 20231 

Sir: 

Please amend the above-identified application as follows: 

IN THE SPECIFICATION 

Please amend the specification as follows: 

After the title of the invention please insert the following: 

This application is a 371 application of PCT/JP99/06761 filed December 2, 1999. 

IN THE CLAIMS 

Cancel, without prejudice to the subject matter involved, claims 1-4. 
Please add the following new claims: 

5 (New). A dry etching method comprising etching a metallic surface of copper, 
silver, gold, or an alloy containing as a main component at least one of these metals by plasma of 
an etching gas containing at least nitrogen oxide and hydrogen, or a hydrogen-containing 
compound free from halogen atoms while being reacted with the plasma. 



6 (New). A dry etching method as claimed in Claim 5, wherein the compound 
containing hydrogen is one or more members selected from the group consisting of ammonia, 
hydrocarbon, and hydrogen sulfide. 



7 (New). A dry etching method as claimed in Claim 5, wherein a mask material 
selected from the group consisting of titanium and a titanium alloy covers the metallic surface on 
etching. 

8 (New). A dry etching method as claimed in Claim 6, wherein a mask material 
selected from the group consisting of titanium and a titanium alloy covers the metallic surface on 
etching. 



REMARKS 



The specification has been amended to insert a cross reference to the international application 
on which the present U.S. application is based. 

Claims 1-4, which are all of the original claims, have been canceled in favor of new claims 5-8. 
New claim 5 replaces claims 1 and 2. 
New claim 6 replaces claim 3. 
New claims 7 and 8 replace claim 4. 
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Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
June 1, 2001 



Respectfully submitted, 



Isao NAKATANI 




Michael R. Davis 
Registration No. 25,134 
Attorney for Applicant 



3/fA7i 09/857258 



DRY ETCHING 

TECHNICAL FIEI/D 

The invention o£ the present application relates to a 
dry etching. More specifically, the invention of the present 
application relates to a dry etching method capable of fine 
processing an electrically conductive material , a heat transfer 
material, an electric contact material, etc., consisting of 

copper, silver, gold, or an alloy containing as a main component 

at least two of these metals. 

BACKGROUND ART 

in general, full advantage of lithography and etching 
technologies is taken in the field of electronic devices such 
aB ultra LSls or magnetic devices, and these devices are 
fabricated by combining these techniques. 

The etching techniques is a techniques for fabricating 
a device which comprises transferring a resist pattern produced 
by lithography onto an object to be processed, i.e., to a 
semiconductor thin film, a magnetic thin film, etc . , and includes 
methods such as wet-chemical etching method, argon ion milling 
method, and reactive ion etching method. Among these etching 
methods, reactive ion etching method is a kind of dry etching 
method, and ia advantageous in that it enables a most precise 
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transfer of patterns produced by lithography, and that it ii 
suitable for fine processing. Moreover, it boasts superi< 
etching rate* In view of such advantag««, numerous large 
integrated circuits and semiconductor memories are fabricated 
by the reactive -ion etching method. 

The reactive -ion etching method comprises placing the 
work piece in a plasma of a reactive gas while applying an electric 
field thereto, and physically and chemically stripping off 
successive layers of atoms by the incident ion beams that are 
irradiated vertically to the surface of the work piece. This 
method enables anisotropic processing cutting vertically along 
the boundary of the mask, and hence, it allows transfer of fine 
and sharp patterns. 

In caso of reactive- ion etching, firstly, tho chemically 
activo 9pQC ie S such as the ions or radicals of the reactive 
gases that are generated in the plasma are adsorbed onto the 
surface o£ the work piece and undergo chemical reaction to form 
a layer of chemical products having a low bonding energy. Since 
the surface of the work piece are exposed to the impact of the 
positive ions that are accelerated in the plasma by an electric 
field and which are vertically incident to the surface, the 
surface layer that are loosely bonded is successively stripped 
off by the sputtering of ions or by the everporation into vacuum, 
in this context, the reactive - ion etching process canbe regarded 
as a process in which a chemical reaction and a physical process 
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proceed simultaneously, and it is characterized by having a 
selectivity on a specific substance and having anisotropy as 
such to cut vertically into the surface of the object. 

However, despite of the superiority of the reactive-ion 
etching method over other methods, no effective means has been 
found for etching copper or gold that are widely used in the 
electronics, or for silver that is used in abundance as a heat 
conductive material or an electric contact material „ The reason 
for this is that copper, silver, and gold undergo reaction with 
various types of etching gases such as CF 4 / CC1«, CC1 2 F 2 , CCIF3, 
CBrF 3 , Cl 3 , C a F 6 , C 3 F a , C«F 10 , CHFi, C 3 H 3 , SF 6 , SiF 4 , BC1 3 , PC1 3/ 
SiCl 4 , HC1, CHC1F 2 , etc., which are developed for etching 
semiconductor materials, and form reaction products with a 
bonding energy far higher than semiconducting materials . Thus, 
the reaction products are less apt to be subjected to a sputtering 
oran everporation, and cannot be removed in a plasma. 

Under the aforementioned circumstances, wet -chemical 
etching process or argon ion milling process has been 
conventionally applied co copper, silver, andgold to fabricate, 
for instance, a thin film magnetic head, a magnetic sensor, 
a micro transformer, etc. Furthermore, aluminum has been used 
for the electrodes and interconnections necessary for 
semiconductor devices by taking advantage of the ease in applying 
reactive -ion etching process at the expense of a high electric 
resistance and a high heat emission. 
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DISCLOSURE OF INVENTION 

The invention of the present application haB been made 
in the light of the aforementioned circumatances, and an object 
of the invention is to provide a dry-etching method capable 
of fine processing an electrically conductive material/ a heat 
transfer material, an electric contact material, etc., 
consisting of copper, silver, gold, or an alloy containing as 
a main component at least one of these metals. 

According to the invention of the present application, 
the above problems are solved by providing a dry -etching method 
comprising etching a metallic surface of copper, silver, gold, 
or an alloy containing as a main component at least one of these 
metals by plasma of an etching gas containing at least nitrogen 
oxide while being reacted with the plasma (Claim 1) • 

Furthermore, the invention of the present application 
provides, as a preferred embodiment, a dry-etching method in 
which the etching gas is amixed gas of nitrogen oxide andhydrogen 
or a hydrogen- containing compound (Claim 2); in which the 
hydrogen -containing compound is one type or two or more types 
of compounds selected from the group consisting of ammonia, 
hydrocarbons, halogen- containing hydrocarbons, or hydrogen 
sulfide (Claim 3) i and the mask material to be used in covering 
the metallic surface on etching is the one selected from the 
group consisting of titanium, titanium alloys, aluminum, or 
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aluminum alloys (claim 4) . 

BRIEF DESCRIPTION OF DRAWINGS 

Pig. 1(a) to Pig. 1(f) are each a cross section view showing 
the dry-etching process steps in practicing the process 
according to the invention of the present application. 

Fig. 2 1b a cross section view of an example of a reactive 
ion etching apparatus suitably used in the dry etching according 
to the invention of the present application . 

Pig, 3(a) to Fig. 3(c) are each an electron micrograph 
showing the state of a copper or a gold thin film after being 
subjected to the dry etching according to the invention of the 
present application. 

The numerals shown in the figures each represent the 
follows : 



1 


Olass substrate or a dielectric substrate 


2 


Metallic thin film 


3 


Resist 


4 


MasJc 


5 


Reaction vessel 


€ 


Deposition protection plate 


7 


High frequency electrode 


8 


Sample holder 


9 


Zero -potential shield 


10 


Counter electrode 
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11 Etching gas inlec 

12 Etching gas 

13 High voltage radio frequency power supply 

BEST MODE FOR CARRYING OUT THE INVENTION 

In the dry etching according to the invention of the present 
application, a metallic surface formed of copper , silver, gold, 
or one alloy containing as a main component at least one of 
these metals is etched by plasma of an etching gas containing 
at least nitrogen oxide while being reacted with the plasma. 
As described above, there is no particular limitation on the 
etching gas to be used in the process so long as it contains 
at least nitrogen oxide . The nitrogen oxide as referred herein 
includes nitrous oxide <N 3 0) , nitrogen monoxide (NO) , and 
nitrogen dioxide (N0 a ) . Furthermore, the etching gases refer 
not only to pure gases, but they can be mixed gases containing 
other components. In case of a mixed gas, preferred as the 
other components to be mixed with nitrogen oxide is, for instance , 
hydrogen (H 2 ) or a compound containing hydrogen. As a compound 
containing hydrogen, there can be mentioned as examples, one 
or two or more of, ammonia (NH 3 ) , a gaseous hydrocarbon such 
aa me thane (CH<) , a halogen- containing hydrocarbon (i.e. , CX n H 4 . n , 
wherein X represents one or two or more types of a halogen element 
selected from P, Cl, Br, or I, and n represents an integer of 
1 to 3) , or hydrogen sulfide (H a S) . Among them, particularly 
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hydrogen is preferred to other hydrogen ^ containing compounds. 
Hydrogen affectively allows nitrogen oxides such as N0 2 to 
contribute to the etching; more apocifically , when compared 
with the other hydrogen -containing compounds under the same 
etching conditions/ hydrogen increases the etching rate, and 
reduces the amount of hydrogen incorporated as an impurity into 
the object by decreasing the amount of hydrogen ions bombarded 
to the object during the etching process. 

By using plasma of the etching gases, copper, silver, 
gold, or an alloy containing as a main component at least one 
of these metals can be subjected to etching, and an anisotropic 
selective processing which enables cutting along the boundary 
of the mask can be performed. Pine and sharp patterns can be 
thereby transferred. More specif ically, because the etching 
gases contain at least nitrogen oxide , the bonding energy of 
the reaction products that are formed through the reaction of 
copper, silver, or gold in the plasma becomes sufficiently lower 
as compared with the case using etching gases conventionally 
used for semiconductor materials ; hence, the reaction products 
are thereby rendered sensitive to the sputtering and easily 
removed. In this manner, reactive -ion etching method is 
allowed to be applied to copper, silver, gold, or an alloy 
containing as a main component at least one of these metals, 
and these metals can be efficiently finely processed at higb 
precision and at a favorable etching rate. 
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Thus, the dry etching according to the Invention of the 
present application is found effective in the fabrication of 
thin film coils for writing heads of magnetic disks, the 
fabrication of micro transducers or micro coila incorporated 
in magnetic integrated circuits , or in the fabrication of quantum 
effect devices such as spin scattering magnetoresistance device, 
spin -valve device, ferromagnetic tunneling device, spin field 
effect device, spin diode, spin transistor, etc., or in the 
fabrication of thin film coils for micro motors- Furthermore, 
the dry etching according to the Invention of the present 
application is also effective in the fabrication of the 
interconnections among the devices assembled in 
three-dimensional large scale silicon integrated circuits such 
as CPUS and DRAMs produced from semiconductor silicon. 

Pig. 1 is a diagram showing the cross section view of 
the practical process steps according to the invention of the 
present application. 

<a> First, a metallic thin filra<2) to be subjected to 
the fine processing, the metallic thin film being of copper, 
silver, gold, or an alloy containing as a main component at 
least one of these metals, is formed on a glass substrate or 
a proper dielectric substrate (1) by means of. for instance, 
a sputtering method, a vacuum evaporation method, or a plating 
method, etc. The metallic thin film <2> to be processed can 
be formed at a thickness in a range of several nanometers (nm) 
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to several micrometers (^im) depending on the design of the 
desired electromagnetic device* 

<b> Then, a resist (3) is applied on the metallic thin 
film (2) by means of coating and the like. A fine pattern is 
then formed by means of electron beam lithography, Ion beam 
lithography, photolithography, etc., followed by development . 

<c>Amask (4) is formed thereafter by means of , for example, 
vacuum evaporation, etc. , over the resist pattern thus formed* 
<d> The resist (3) is then removed by dissolution by 
immersing the resulting product in an organic solvent. As a 
result/ a fine mask (4) can be formed on the surface of the 
metallic thin film (2) . The mask thus formed is provided in 
the shape of the desired device , for example, an electromagnetic 
device; more specifically, in a coil -like shape or in the shape 
of an electric contact pad or of an interconnection to be 
incorporated in the semiconductor large scale integrated 
circuit . 

Mask materials can be properly selected from those capable 
of being subjected to an etching using a plasma of an etching 
gas containing at least nitrogen oxide, which are not consumed 
and have excellent stability. Among them, preferred are 
titanium, a titanium alloy, aluminum, or an aluminum alloy. 

As titanium or a titanium alloy, exemplified are pure 
titanium, aTi^Pd alloy, a Ti -Ta alloy , aTi-Al alloy, aTi-Ai-Sn 
alloy, a Ti-Al-V-Mo alloy, a Ti-Al-Sn-Zr-Mo-Si alloy, a 
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Ti - Al - Zr - Mo - Sri alloy* a Ti - Al • V alloy , a Ti -Al *Sn-Zr-Mo alloy, 
a Ti-Al-V-Sn alloy, a Ti-V-Cr-Al alloy, etc- As aluminum or 
an aluminum alloy , exempli fied are , in addition to pure aluminum, 
an Al-Cr-X alloy (where X represents an additional element such 
as Si, Mn, Ma. etc.). an Al-Mn-Y alloy (where Y represents an 
additional element such as Mg, Si, etc. ) , anAl-Mg-Z alloy (where 
Z represents an additional element such as fcn. Si, Cr, Mn, Mgr , 
etc.) , anAl-Si-Walloy (where W represents an additional element 
such as Mg, Cu, Cr, etc.). 

<e> Then, by using a reactive -ion etching apparatus, the 
portion not covered by a mask (4) of the metallic thin film 
is removed by using plasma of the reactive etching gas, and 
the pattern o£ the mask (4) is transferred to the metallic thin 
film (2) - 

<£> The residual mask (4) is removed thereafter by an 
ordinary reactive -ion etching process using reactive gases such 
as flon (CF 4 ) , carbon tetrachloride (CC1 4 ) , etc. 

Pig. 2 is a cross section view of a reactive -ion etching 
apparatus suitably used in the dry etching according to the 
invention of the present application. 

Referring to Fig. 2, a reaction vessel (5) is made of 
titanium or a titanium alloy, and the inner wall thereof is 
covered by an deposition protection plate (6) made of titanium 
or a titanium alloy. Various types of structures that are placed 
inside the reaction vessel (5) and that are to be brought into 
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contact with the plasma of the etching are also made of titanium 
or a titanium alloy. 

The work piece to be processed is attached and fixed on 
the surface of a sample holder (8) fixed to a water-coolable 
high frequency electrode (7) - The surroundings of the high 
frequency electrode (7) is covered by a zero - potential shield 
(9) , ouch that the high frequency electrode (7) itself may not 
be subjected to the etching reaction. 

A counter electrode {10) , which is larger in area as 
compared with the high frequency electrode, is provided at a 
predetermined distance from the upper side of the high frequency 
electrode (7) . The counter electrode (10) is electrically 
connected to the reaction vessel (5) to maintain the zero 
potential . 

The reaction vessel (5) is equipped with an etching gas 
inlet (11) , ao that the etching gas (12) may be introduced into 
the reaction vessel (5) with its flow rate adjusted through 
the etching gas inlet (11) . The composition and the flow rate 
of the etching gas differ depending on, for instance, the 
reactive ion etching apparatus to be used, however, as the 
etching conditions for copper or a copper alloy, there can be 
preferably exemplified a total gas flow rate of 16 cc/min, 
comprising gaseous NO a and NH 3 each flown at a rate of 3 to 9 
cc/min and 13 to 7 cc/min, respectively. More preferably, the 
etching gas is flown under a condition as such that the total 
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gas flow rate is 16 cc/min, comprising gaseous N0 3 and H 2 each 
flown at a rate of 4 to 10 cc/min and 12 to 6 cc/min, respectively. 
For silver, gold, or an alloy containing as a main component 
at least one of these metals, for example, the etching gas is 
flown under a condition as such that the total gas flow rate 
is 16 cc/min, comprising gaseous N0 2 and NH 3 each flown at a 
rate of 7 to 14 cc/min and 9 to 2 cc/min, respectively. More 
preferably, the etching gas is flown under a condition as such 
that the total gas flow rate is Ifi ec/min, comprising gaseous 
N0 3 and H 3 each flown at a rate of 4 to 10 cc/min and 12 to S 
cc/min , respectively* 

In carrying out the etching , the reaction vessel (5) is 
evacuated with a vacuum pump simultaneously with the 
introduction of an etching gas (12) , such that the pressure 
inside of the reaction vessel (5) is maintained in a range of 
0-1 to 10 mTorr, preferably, in a range of 5 to 6 mTorr, Then, 
a high voltage radio frequency power Is applied at a proper 
power to the high frequency electrode (7) from a power supply 
(13) at a frequency of 13.56 MHz. 

Then, the etching gas molecules introduced inside the 
reaction vessel (5) undergo dissociation and ionization to 
generate plasma* The generation of plasma concentrates at the 
aperture portion of the zero -potential shield (9) , and the 
reaction ion etching proceeds on the work piece placed and fixed 
inside the shield. The etching rate increases approximately 



in proportion to the applied radio frequency power. However, 
since the damage applied to the processing object increases 
with the increase in the radio frequency power , the power applied 
to the electrode (7) is preferably set within the range from 
50 to 150 W. 

A9 a plasma generating apparatus, in addition to the 
capacitive coupling type plasma generating apparatus above , 
there can be used an inductive coupling type plasma generating 
apparatus, an electron cyclotron resonance type plasma 
generating apparatus, a helicon wave plasma generating 
apparatus, etc. 

The dry etching according to the invention of the present 
application is described in further detail below by means of 
examples . 

BXAMPMSS 
Example 1 

A copper thin film was subjected to reactive ion etching 
in accordance with process steps described below. 
Referring to Fig. 1, 

<a> A 1 |im thick copper thin film (2) was formed on a 
glass substrate (1) by means of sputtering. 

<b> After forming a film of resist (3) on the product 
above by coating, a resist pattern was formed by electron beam 
lithography. 
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<c> Then, a fine titanium mask (4) was formed. 

<d> Residual resist (3) was removed to obtain a specimen, 

<e> Subsequently, the specimen thus obtained was placed 
and fixed on a sample holder (8) provided inside a titanium 
reaction vouaal (5) of a reactive -ion etching apparatus ohown 
in Fig- 2, and the inside of the reaction vessel (5) was evacuated 
while supplying gaseous NO a and NH 3 at a flow rate of 7 ee/min 
and 8 cc/mia, respectively, to maintain the inner pressure at 
6 mTorr, Then, high frequency power was applied at a power 
of 50 W to generate plasma, and reactive ion etching was performed 
for S minutes. 

<f> Thereafter, the titanium mask (4) remaining on the 
thus etched copper thin film (2) was removed by CC1 4 plasma. 

The resulting product is shown in the electron micrograph 
given in Fig. 3 (a) . 

Th« portion of the copper thin film not masked by the 
titanium mask alone was found to be selectively etched. The 
selectivity ratio with respect to the titanium mask was found 
to be approximately 10. Further, favorable anisotropy in 
etching was achieved, and the side wall was found to make an 
angle of 86° with respect to the bottom plane of the copper 
thin film. Furthermore, the etching rate was found to be 55 
nm/min. it was confirmed that a highly efficient reactive ion 
etching was performed. 



Example 2 

A gold thin film was subjected to reactive ion etching 
in accordance with process steps similar to those described 
in Example 1 . 

The resulting- product is shown in the electron micrograph 
given in Fig. 3(b). 

The portion of the gold thin filanot maskedby the titanium 
mask alone was found to bo selectively etched* The selectivity 
ratio with respect to the titanium mask was found to be the 
same as in the case of copper thin film described in Example 
1, i,e*/ approximately 10. Further, favorable anisotropy in 
etching was achieved, and the side wall was found to make an 
angle of 83° with respect to the bottom plane of the gold thin 
film. Furthermore, the etching rate was found to be 70 nm/min. 
It was confirmed that a highly efficient reactive ion etching 
was performed. 

Example 3 

A silver thin film was subjected to reactive ion etching 
in accordance with process steps similar to those described 
in Example 1. 

The portion of the silver thin film not masked by the 
titanium mask alone was found to be selectively etched* The 
selectivity ratio with respect to the titanium mask was found 
to be approximately 12* Further, favorable anisotropy in 
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etching was achieved, and th« side plane was found to make an 
angle of 86° with respect to the bottom plane of the silver 
thin film. Furthermore, the etehing rate was found to be 82 
Dm /nin. It was confirmed that a highly efficient reactive ion 
etching was performed. 

Example 4 

A copper thin film was subjected to reactive ion etching 
in accordance with process steps similar to those described 
in Example 1, except for using a gaseous mixture of NO a and 
H a as the etching gas. 

More specifically, while flowing gaseous N0 3 and H 3 at 
a flow rate of 12 cc/min and 4 cc/min, respectively, the inside 
of the reaction vessel was evacuated to maintain the pressure 
at 5 mTorr, and high frequency wave was applied at a power of 
50 W to perform reactive ion etching for 6 minutes - 

The resulting product is shown in the electron micrograph 

given in Fig. 3(c). 

The portion of the copper thin film not masked by the 
titanium mask alone was found to be selectively etched, and 
when compared i t wi th the product obtained in Example 1 . a sharper 
pattern was found to be formed. That is, this signifies that 
a smoother surface is obtained on the copper thin film resulting 
by the etching, and that the damage to the processing work piece 
is reduced. Furthermore, the shape of the side walls of the 
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copper thin film was found to be sharper and smoother. This 
signifies that the resulting product has leas re - deposition 
layer which the copper thin film removed by the etching causes 
by again deposit to the side walls. 

The selectivity ratio with respect to the titanium mask 
was found to be approximately 12. The index of ani sot ropy in 
etching, i.e., the angle between the bottom plane and the side 
plane of the copper thin film, was found to be 86°. Furthermore/ 
the etching rate was found to be 120 nm/min* 

As a matter of course, the Invention according to the 
present application is not limited by the examples described 
above, and it should be understood that variations and 
modifications are acceptable on not only the types of the etching 
gases, but also the details of the etching, such as the 
constitution and the structure of the reactive ion apparatus, 
as well as the operation conditions, etc. 

Industrial Applicability 

As described in detail above, in accordance with any of 
the Claims 1 to 4 of the present application, fine processing 
of copper, silver, gold, or an alloy containing as a main 
component at least one of these metals, become possible by means 
of reactive- ion etching method. In addition to this, in 
accordance with Claim 4 of the invention of the present 
application, there is provided a mask having excellent stability 



18 



and free from the corrosion by the plasma of etching gases the 
etching gases containing at least nitrogen oxide and usable 
for eoppar, silver, gold, ox an alloy containing as a main 
component at least one of these metals. 
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CliAXKS 

1 . A dry etching me thod comprising etching a metallic surface 
selected from copper, silver, gold, or an alloy containing as 
a main component at least one of these metals by plasma of an 
etehing gas containing at least nitrogen oxide while being 
reacted with the plasma. 

2. A dry etching method as claimed in Claim 1, wherein the 
etching gas is a mixed gas of nitrogen oxide and hydrogen/ or 
a compound containing hydrogen. 

3. A dry etching method as claimed in Claim 2, wherein the 
compound containing hydrogen is one or two or more selected 
from the group consisting of ammonia, a hydrocarbon, a 
halogen -containing hydrocarbon, and hydrogen sulfide. 

4. A dry etching method as claimed in one of Claims 1 to 
3, wherein a mask material covering the metallic surface on 
etching is one selected from the group consisting of titanium, 
a titanium alloy, aluminum, and an aluminum alloy. 



20 



ABSTRACT 

A metallic th.in film of copper, silver, gold, or one alloy 
selected from alloys containing as a main component at least 
one of these metals is etched by plasma of an etching gas 
containing at least nitrogen oxide while being reacted with 
the plasma, whereby making it possible to fine-process 
electrically conductive materials, beat - transfer materials and 
electric -contact materials consisting of an alloy containing 
as a main component copper, silver, gold or at least two of 
these metals. 
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